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+RWGLSJDOYDQL]LQJFRQVLVWVRIFRYHULQJWKHVXUIDFHRI LURQRUVWHHOSLHFHVZLWKDUHDFWLYH]LQF
OD\HUWKDWSURYLGHVR[LGDWLRQSURWHFWLRQ7KLVSURFHVVLVFDUULHGRXWE\LPPHUVLRQRIWKHPHWDOOLF
SLHFHV LQ D EDWK RI PROWHQ ]LQF 'XULQJ WKH ZKROH SURFHVV VSHQW SLFNOLQJ VROXWLRQV 636
FRPLQJIURPVWDJHVVXFKDVZDVKLQJSLFNOLQJRUJDOYDQL]LQJLWVHOIDUHJHQHUDWHG$PRQJRWKHU
VXEVWDQFHV636FRQWDLQKLJKFRQFHQWUDWLRQVRI]LQF LURQDQG+&O7KH LQFUHDVLQJO\VWULQJHQW
UHJXODWLRQV UHJDUGLQJ WKH GLVFKDUJH RI DFLGV DQG PHWDOV LQWR WKH HQYLURQPHQW DQG WKH
LQFUHDVLQJ GHPDQG XSRQ WKH UHF\FOLQJUHXVH RI WKHVH HIIOXHQWV DIWHU SURSHU WUHDWPHQW KDYH
IRFXVHGWKHLQWHUHVWRIWKHUHVHDUFKFRPPXQLW\RQWKHGHYHORSPHQWRIQHZDSSURDFKHVIRUWKH
UHFRYHU\RIDFLGDQGPHWDOVIURPWKHVHLQGXVWULDOZDVWHV>@

7KH GLIILFXOW\ XQGHUO\LQJ WKH GHYHORSPHQW RI UHFRYHU\ SURFHVVHV LV DVVRFLDWHG WR WKH
SK\VLFRFKHPLFDOFRPSOH[LW\XVXDOO\HQFRXQWHUHGLQK\GURFKORULFDFLGHIIOXHQWVZKHUHWKHPDLQ
VSHFLHVDUHSUHVHQWDVDQLRQLFVSHFLHVVXFKDV]LQFFKORURFRPSOH[HVDVDUHVXOWLWLVGLIILFXOWWR
VHOHFWRQHXQLYHUVDOPHWKRG IRU WKH WUHDWPHQWRI WKLV W\SHRIHIIOXHQWV0HPEUDQH WHFKQLTXHV
DUHFRQVLGHUHGWREHVLPSOHHIIHFWLYHDQGVXVWDLQDEOHEHFDXVHRIODUJHDQGZHOOGHILQHGDUHDRI
FRQWDFW FRPSDFWQHVV DQG UHGXFHG VL]H RI HTXLSPHQW QR QHHG RI FKHPLFDOV DGGLWLRQ HDV\
VFDOHXS >@ $PRQJ WKHP 'LIIXVLRQ 'LDO\VLV '' DQG (OHFWURGLDO\VLV (' DUH PHPEUDQH
VHSDUDWLRQ SURFHVVHV ZLWK GHPRQVWUDWHG DSSOLFDWLRQV LQ WKH UHFRYHU\ RI YDOXDEOH FRPSRXQGV
IURP OLTXLGPDWULFHV7KHEDVLF HOHPHQW RI WKHVH WHFKQRORJLHV LV DQ LRQH[FKDQJHPHPEUDQH
KDYLQJ LQ LWV VWUXFWXUH HOHFWULFDOO\ FKDUJHG VLWHV ZKLFK IDFLOLWDWH WKH WUDQVSRUW RI FRXQWHULRQV
ZKLOH WKH FRLRQV DUH UHMHFWHG ,I DQ DQLRQH[FKDQJH PHPEUDQH LV XVHG WKH DQLRQV FDQ
SHUPHDWHWKHPHPEUDQHIUHHO\EXWWKHFDWLRQVZLOOEHUHWDLQHGE\WKHPHPEUDQH7KHSURWRQV
KRZHYHUFDQSDVVWKHDQLRQH[FKDQJHPHPEUDQHLQVSLWHRIWKHLUSRVLWLYHFKDUJHEHFDXVHWKH\
DUHWUDQVSRUWHGE\DWXQQHOOLQJPHFKDQLVP7KXVWKHDFLGFRXOGEHUHPRYHGIURPWKHFRPSOH[
VROXWLRQV>@

'LIIXVLRQ GLDO\VLV '' XVLQJ DQLRQ H[FKDQJH PHPEUDQHV LV DQ DWWUDFWLYH PHWKRG IRU DFLG
UHFRYHU\ WKDWZDV ILUVWDSSOLHG LQGXVWULDOO\ LQ WKH ODWHV7KHGULYLQJ IRUFH IRU WKLVSURFHVV
UHOLHVRQWKHGLIIHUHQFHLQFKHPLFDOSRWHQWLDORIWKHVSHFLHVRQHLWKHUVLGHRIDPHPEUDQHDQGDV
VXFK WKH RQO\ H[WHUQDO SRZHU UHTXLUHG LV WKDW QHHGHG WR FLUFXODWH WKH VROXWLRQV >@
(OHFWURGLDO\VLVPHPEUDQH WHFKQRORJ\ LV DQ HOHFWURPHPEUDQH SURFHVV ZKHUH FRPELQDWLRQV RI
LRQLFPHPEUDQHVDUHSODFHGEHWZHHQDSDLURIHOHFWURGHV8QGHUWKHLQIOXHQFHRIDQDSSOLHGGF
HOHFWULF ILHOG LRQV PRYH LQ WKH GLUHFWLRQ RI WKH RSSRVLWH FKDUJHG HOHFWURGH (OHFWURGLDO\VLV
PHPEUDQH WHFKQRORJ\ HQDEOHV QRW RQO\ VHSDUDWLRQ RI DFLG EXW DOVR LWV FRQFHQWUDWLRQ WR KLJK
HQRXJKYDOXHVWRUHF\FOHWKHDFLGWREHIXUWKHUXVHGLQWKHSLFNOLQJEDWK>@

7KLV ZRUN UHSRUWV WKH FRPSDUDWLYH VWXG\ RI WKH UHFRYHU\ RI K\GURFKORULF DFLG IURP 636 E\
PHDQV RI '' DQG (' )LUVW WKH FRPSDULVRQ RI WKH HIILFDF\ RI ERWK WHFKQRORJLHV KDV EHHQ
FDUULHG RXW DIWHU WKH H[SHULPHQWDO HYDOXDWLRQ RI WKH DFLG IOX[ DQG VHOHFWLYLW\ LQ WKH LQGLYLGXDO
WHFKQRORJLHV DV D IXQFWLRQ RI WKH RSHUDWLRQDO YDULDEOHV LH LQLWLDO FRQFHQWUDWLRQ RI DFLG DQG
PHWDOVSHUPHDWHSKDVHFRPSRVLWLRQDQGFXUUHQWGHQVLW\0D[LPXPIOX[YDOXHVREWDLQHGLQWKH
''VWXG\ZHUHÂPROPÂVDQGÂPROPÂVIRU+&ODQG=QUHVSHFWLYHO\:KHQ('
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ZDV XVHG WKH +&O IOX[ LQFUHDVHG IRXU WLPHVZLWK UHVSHFW WR WKH YDOXHV REWDLQHG ZLWK '' IRU
VLPLODUFRQFHQWUDWLRQVDQGWKHWRWDO]LQFIOX[ZDVWKUHHWLPHVORZHUWKXVOHDGLQJWRDVLJQLILFDQW
LPSURYHPHQW LQ WKHVHSDUDWLRQVHOHFWLYLW\ ,WZDVDOVRREVHUYHGWKDW WKHIOX[RI+&OGHFUHDVHV
ZLWKWKHLQFUHDVHRIFXUUHQWGHQVLW\GXHWRWKHH[LVWHQFHRIQHJDWLYHO\FKDUJHGFRPSOH[HVVR
WKDWDFRUUHFWRSWLPL]DWLRQRIWKHRSHUDWLRQFRQGLWLRQVPXVWEHFDUULHGRXW
1H[W WKHPHPEUDQHWUDQVSRUWRI+&ODQG=QVSHFLHV LQERWKWHFKQRORJLHVZDVGHVFULEHGDIWHU
WKH GHYHORSPHQW RI PDVV EDODQFHV WKDW OHG WR WKH PDWKHPDWLFDO PRGHOV DQG FKDUDFWHULVWLF
SDUDPHWHUV 7KH RYHUDOO PDVV WUDQVIHU FRHIILFLHQW LQ '' GHILQHG DV WKH UDWLR EHWZHHQ WKH
VSHFLHV GLIIXVLYLW\ DQG WKH PHPEUDQH WKLFNQHVV WKURXJK GLDO\VLV PHPEUDQHV KDV EHHQ
FDOFXODWHGE\XVLQJWKH0LFKDHOVHTXDWLRQ>@2QWKHRWKHUKDQG WKH1HUQVW±3ODQFNHTXDWLRQ
WKDWDFFRXQWVIRUWKHFRQWULEXWLRQVRIWKHFRQFHQWUDWLRQGULYLQJIRUFHDQGWKHPLJUDWLRQRILRQVDV
D UHVXOW RI WKH HOHFWULF ILHOG KDV EHHQ XVHG WR GHVFULEH WKH UHVXOWV REWDLQHG WKURXJK ('
PHPEUDQHV 7KHGLIIXVLRQ FRHIILFLHQWV RI ]LQF DQGSURWRQV GLG QRW UHPDLQ FRQVWDQWZLWKLQ WKH
ZKROH UDQJH RI H[SHULPHQWDO YDULDEOHV DQG WKHLU YDULDWLRQ ZDV GHVFULEHG E\ PHDQV RI DQ
H[SRQHQWLDO HTXDWLRQ'L  'ÂH[SíĲÂ&P WKDWZDV LQFRUSRUDWHG LQWR WKHPDWKHPDWLFDOPRGHO
>@7KHPDWKHPDWLFDOPRGHOWKDWDOVRLQFRUSRUDWHVWKHGLVWULEXWLRQRI]LQFFKORULGHFDWLRQLFDQG
DQLRQLF VSHFLHVDVD IXQFWLRQRISURFHVVFRQGLWLRQV LVDXVHIXO WRRO LQ WKHFRPSDULVRQ RI WKH
SHUIRUPDQFHRIERWKPHPEUDQHVHSDUDWLRQWHFKQRORJLHV
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